
Advisory 
US. Department 
of Transportation 

Federal Aviation 
Administration 

Circular 

Subject: HIGH LIFT AND DRAG DEVICES mte: 5/4/88 ACNo: AC 25- 14 
Initiated by: ANM- 111) m: 

1. PURPOSE. T h i s  adv iso ry  c i r c u l a r  (AC sets  f o r t h  an acceptab le  means o f  
compl i 'ancewi th  t he  p r o v i s i o n s  o f  P a r t  25 of t he  Federal  Av i a t i on  Regulat ions 
(FAR) d e a l i n g  w i t h  the  c e r t i f i c a t i o n  requirements f o r  h igh  l i f t  and drag 
dev ices.  Guidance i n f o r m a t i o n  i s  p rov i ded  f o r  showing compliance w i t h  
s t r u c t u r a l  and f u n c t i o n a l  sa fe t y  standards f o r  h i gh  l i f t  and drag devices and 
t h e i r  o p e r a t i n g  systems. The i n t e n t  of the requirements and some acceptab le  
means of compliance are discussed. Other  means are acceptable i f  they meet 
t h e  i n t e n t  o f  the  r e g u l a t i o n s .  

2. RELATED FAR SECTIONS. The con ten ts  o f  t h i s  AC a re  cons idered by t h e  FAA 
i n  de te rmin ing  compliance o f  f l a p s ,  s l a t s  and d rag  dev ices w i t h  P a r t  25. 
Re la ted  sec t i ons  are 25.301, 25.3U3, 25.333(e), 25.345, 25.457, 25.571, 
25.671, 25.672 25.697, 25.699, 25.701, 25.703, and 25.1309. 

3. BACKGROUND. Fo r  several  years ,  spec ia l  cons ide ra t i on  has been given t o  
h i gh  l i f t  and d rag  dev ices t o  ensure t h a t  ma l f unc t i on  o r  f a i l u r e  w i l l  n o t  
r e s u l t  i n  an unsafe cond i t i on .  These cons ide ra t i ons  are consol i d a t e d  and 
i nco rpo ra ted  i n  t h i  s  AC . 
4,  STRUCTURAL REQUIREMENTS. The s t r u c t u r e  o f  h i  gh 1  i f t  and drag devices must 
be designed t o  comply w i t h  the damage to le rance  r e q u i  rernents of § 25.571, 
Amendment 25-45, of the  FAR. The design should i nco rpo ra te  fea tu res  which 
would p rov i de  a h i gh  p r o b a b i l i t y  of de tec t i on  of any damage before the damage 
causes l o s s  o f  t he  su r face  from t h e  a i r p l ane .  High l i f t  and drag components 
t o  be eva lua ted  under t he  requirements o f  5 25.571 t y p i c a l l y  i nc l ude  a l l  
s t r u c t u r e  which c o n t r i b u t e s  s i g n i f i c a n t l y  i n  r e a c t i n g  a p p l i e d  f l i g h t  and 
a c t u a t i o n  loads.  Examples o f  such s t r u c t u r e  a re  t h e  f l a p  o r  s l a t  sur faces,  
suppor t  l i n kages  o r  t r acks ,  h inges, f i t t i n g s  and at tachments.  

5. CONTROL SYSTEM REQUIREMENTS. The c o n t r o l  system f o r  h igh  l i f t  and drag 
dev ices must be designed t o  coriiply w i t h  the requirements o f  5 25.671. For the  
purpose of compl iance w i t h  5 25..671, t he  c o n t r o l  system ends where the c o n t r o l  
sur face a t taches  t o  f i x e d  s t r u c t u r e  such as the  wing o r  fuse lage.  Examples o f  
eleinents t o  be eva lua ted  under the  requirements o f  5 25.671 a re  l i nkages ,  
hinges, cab les,  p u l l e y s ,  quadrants, va lves,  ac tua to r  components, t r a c k  
r o l l e r s ,  movable t r acks ,  bear ings,  and hyd rau l i c  o r  e l e c t r i c a l  systen~s. In 
accordance w i t h  § 25.671, t he  a i r p l a n e  must be shown t o  be capable o f  
con t inued  safe f l i g h t  and l and ing  w i t h o u t  r e q u i r i n g  excep t iona l  p i l o t  s k i l l  o r  
s t r e n g t h  f o l l o w i n g  t h e  f a i l u r e  o f  any s i n g l e  mechanical element o r  any 



combinat ion o f  f a i  l u r e s  n o t  shown t o  be extremely improbable,  exc l ud ing  
jamming. F o l l o w i n g  t h i s  f a i l u r e  o r  combinat ion o f  f a i l u r e s ,  the  remain ing 
s t r u c t u r e  must be ab le  t o  w i ths tand  t he  loads def ined by 5s 25.333 and 25.345. 
These a re  cons idered u l t i m a t e  loads f o r  t h i s  c o n d i t i o n .  I f  the  surfaces a re  
au toma t i ca l l y  o r  power operated, t t ie  c o n t r o l  system must a l s o  be designed t o  
meet the  requirements o f  E 25.672. 

6 .  DETAIL DESIGN CONSIDERATIONS. 

a. Unless the  a i r p l a n e  has safe f l i g h t  c h a r a c t e r i s t i c s  w i t h  the  
f u n c t i o n a l l y  r e l a t e d  h i g h  1 i f t  o r  d rag  devices r e t r a c t e d  on one s ide  and 
extended on the o ther ,  t he  mot ion o f  the  devices on oppos i te  s ides o f  the  
plane of symmetry must be synchronized by a  mechanical i n t e r connec t i on  o r  
approved equ i va l en t  means as r equ i r ed  by § 25.701. The c r i t e r i a  o f  S 25.701 
a re  cons idered e q u a l l y  app l i cab le  t o  h i gh  l i f t  and drag dev ices.  

( 1 )  The surface i n t e r connec t i on  must be designed f o r  t he  loads 
r e s u l t i n g  when t h e  surfaces on one s i de  of the  plane o f  symmetry a r e  jammed 
and immovable wh i l e  t he  sur faces on t he  o the r  s ide  a re  f r e e  t o  move and t he  
f u l l  power of t he  surface a c t u a t i n g  system i s  app l i ed .  The f l i g h t  loads f rom 
§ 25.345 a c t i n g  on the  sur face  must be cons idered i n  combinat ion w i t h  t t ie 
a c t u a t i n g  system loads ( i n c l u d i n g  system i n e r t i a  l oads ) .  Th i s  i s  cons idered a 
1  im i  t l oad  c o n d i t i o n .  

( 2 )  I n  showing compl i ance w i t h  t he  i n t e r connec t i on  requirements o f  
S 25.701, a l l  p o s s i b l e  jam l o c a t i o n s  i n  the  d r i v e  and support  system should be 
cons idered.  The sur face  mechanical i n t e r connec t i on  must be ab le  t o  w i ths tand  
t h e  jam c o n d i t i o n  and p rec lude  any unsafe asymmetrical c o n d i t i o n .  The 
i n t e r connec t i on  system i s  comprised o f  a1 1 elements which r e a c t  the d r i v e  
ou tpu t  f rom the  a c t u a t o r  source t o  t h e  jam p o i n t .  These elements may i n c l u d e  
s t r u c t u r e s ,  i n t e r c o n n e c t i o n  1  inkages, and d r i v e  system components. When t h e  
i n t e r connec t i on  i s  t he  o n l y  means t o  p reven t  an unsafe asymmetrical c o n d i t i o n ,  
t h e , l o a d s  assoc ia ted  w i t h  t he  jam c o n d i t i o n s  are cons idered l i m i t  loads and 
r e q u i r e  a  1.5 f a c t o r  o f  sa fe t y .  A f a c t o r  o f  sa fe t y  l e s s  than 1.5 may be used 
when a r e l i a b l e  ( i  .e., a  p r o b a b i l i t y  o f  f a i l u r e  o f  10-3 o r  l e s s )  and 
independent means i s  used, i n  a d d i t i o n  t o  t he  mechanical i n t e r connec t i on ,  t o  
p reven t  unsafe asymmetry o f  a  h i  yh l i f t  system. The a l t e r n a t e  system should  
d e t e c t  t h e  jam and shut  down the  d r i v e  system be fo re  t he  loads from any jam 
c o n d i t i o n  a re  reac ted  by the  mechanical i n t e r connec t i on .  The f ac to r  o f  sa fe t y  
may be as low as 1.25 i f  the  p r o b a b i l i t y  o f  f a i l u r e  o f  t he  a l t e r n a t e  system i s  
1d-5 o r  less ;  however, i t  should no t  be l e s s  than 1.25 un less  the a1 t e r n a t e  
system i s  found t o  be equ i va l en t  t o  a  mechanical i n t e r connec t i on .  When a 
to rque  l i m i t e r  i s  used, t h e  torque t o l e rance  l i m i t  should be used t o  r e a c t  the  
r e q u i r e d  l oad  r a t h e r  than t he  nominal o r  s e t  torque.  A torque l i m i t e r  should  
n o t  be l oca ted  i n  t he  d r i v e  system i n  a  p o s i t i o n  where the  l i m i t e r  i t s e l f  
would a1 low an unsynimetrical c o n f i g u r a t i o n  i f  a  jam occurred.  

( 3 )  An e q u i v a l e n t  means o f  compliance w i t h  t he  requirements f o r  a  
mechanical i n t e r c o n n e c t i o n  system may be subs tan t ia ted  u s i n g  a systems s a f e t y  
a n a l y s i s .  Guide l ines f o r  pe r fo rming  a systems sa fe t y  ana l ys i s  are given i n  
AC 25.13u9-1, System Design Ana lys is .  
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b. Where f a i l u r e s  i n  the d r i v e  system can r e s u l t  i n  uncommanded 
extensions o r  r e t r a c t i o n s  of the h igh l i f t  or .  drag devices, a  p o s i t i v e  means 
should be p rov ided  t o  l i m i t  t he  movement of the  a f f ec ted  sur faces.  Th i s  may 
be accomplished through i r r e v e r s i b l e  d r i v e  ac tua to rs ,  no-back devices, 
redundancy i n  t he  d r i v e  system, o r  o ther  equ i va len t  means. 

c.  I n  de te rmin ing  loads on h igh  l i f t  devices du r i ng  ac tua t ion ,  i t  may be 
necessary t o  cons ider  f r i c t i o n  loads i n  t he  a c t u a t i n g  system which may be 
reasonably expected t o  occur i n  serv ice.  F l ap  t r a c k s  and r o l l e r s  f o r  
ins tance,  a re  o f t e n  subjected t o  i c e  and slush which may o f f e r  h i gh  res is tance  
t o  f l a p  ac tua t i on .  Each design should be evaluated t o  determine i t s  
s u s c e p t i b i l i t y  t o  f r i c t i o n  i n  t he  mechanism and any loads assoc ia ted w i t h  such 
res i s tance  should be accounted f o r  and a p p l i e d  i n  combinat ion w i t h  normal 
ope ra t i ng  1  oads. 

d. I n  e v a l u a t i n g  the e f f e c t s  o f  f a i l u r e s  o r  jamming o f  h igh  l i f t  
surfaces, t h e  e f f e c t s  of skewed surfaces on t he  opera t ion  o f  ad jacent  surfaces 
should be evaluated.  Damage t o  ad jacent  s t r u c t u r e s  and systems due t o  skewing 
of  the sur face should a l s o  be evaluated. 

7. INDICATING AND WARNING SYSTEMS. 

a. I n d i c a t i n g  systems f o r  h i gh  l i f t  and drag devices must p rov ide  v isua l  
i n d i c a t i o n  t o  the  p i l o t  of the  sur face p o s i t i o n s  f o r  the  t a k e o f f ,  enroute,  
approach, and 1  anding cond i t i ons .  The p o s i t i o n  sensors should be l oca ted  such 
t h a t  they show a  d i r e c t  i n d i c a t i o n  o f  f a i l u r e  cond i t i ons .  There should be 
independent m o n i t o r i n g  o f  each f u n c t i o n a l l y  r e l a t e d  se t  o f  surfaces ( i .e . ,  a  
s e t  of surfaces on each s ide of the  plane o f  symmetry t h a t  i s  d r i ven  by a  
common ac tua to r ,  o r  i s  synchronized by some o ther  means t o  ensure symmetric 
a c t u a t i o n )  f o r  which a  f a i l u r e  w i l l  r equ i re  an a c t i o n  o r  procedural  change by 
the  f l i g h t c r e w .  For  ins tance,  a  f u n c t i o n a l l y  r e l a t e d  f l a p  se t  which i s  i n  an 
unsymmetrical c o n f i g u r a t i o n  about the  fuselage c e n t e r l  i ne  would r e q u i r e  an 
i n d i c a t i o n  t o  the  p i  l o t  o f  the unsymmetrical c o n d i t i o n  before t a k e o f f .  The 
i n d i c a t i o n  t o  t h e  f l i g h t c r e w  need n o t  i n d i c a t e  t he  s p e c i f i c  surface which has 
f a i l e d ,  b u t  must c l e a r l y  r e f l e c t  the  abnormal c o n f i g u r a t i o n  ( S  25.699). The 
c o c k p i t  sur face p o s i t i o n  d i sp lay  must a l so  c l e a r l y  d i s t i n g u i s h  a  f a u l t  which 
was caused by a  h i gh  l i f t  "asymmetrical" deployment from a  h igh l i f t  
"disagree" c o n d i t i o n .  A "disagree" c o n d i t i o n  e x i s t s  when the h igh  l i f t  
sur face i s  stopped a t  a  p o s i t i o n  d i f f e r e n t  than the  p o s i t i o n  commanded by the 
p i l o t  through the  f l a p  s e l e c t i o n  swi tch o r  handle. Th is  d i s t i n c t i o n  w i l l  a i d  
t he  p i l o t  i n  us i ng  proper procedures t o  f u r t h e r  deploy, r e t r a c t ,  o r  leave the 
h i gh  l i f t  o r  drag devices f o r  cont inued f l i g h t .  

b .  The t a k e o f f  warning system requ i red  by S 25.703 should sense the 
p o s i t i o n  of  each f u n c t i o n a l l y  r e l a t e d  s e t  o f  h igh  l i f t  devices (symmetric 
about the a i r p l a n e  c e n t e r l  i n e  ) and prov ide aura l  warning du r i ng  the  i n i t i a l  
p o r t i o n  o f  t he  t a k e o f f  r o l l  i f  any s e t  i s  n o t  i n  an approved t a k e o f f  p o s i t i o n .  
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8. FLIGHT LOADS MEASUREMENT. Notw i ths tand ing  the advancements i n  a n a l y t i c a l  
methods used i n  p r e d i c t i n q  1  oads on a i  r ~ l a n e  s t r uc tu res .  accurate   re diction 
o f  loads on wing' l e a d i n g  edge and t r a i l i n g  edge h igh  l i f t  devices kont inues t o  
be a  problem. I t  i s ,  there fo re ,  adv isable t o  v e r i f y  t he  loads on these 
sur faces by conduc t ing  f l i g h t  loads surveys regard less  o f  the l e v e l  o f  
conf idence i n  the o v e r a l l  loads program. 

9. AIRPLANE CONTROLLABILITY. I t  should be shown by ana l ys i s ,  and where 
necessary by ground, s imu la t i on  o r  f l i g h t  t e s t s ,  t h a t  the  a i r p l ane  has 
adequate s t a l l  margins and c o n t r o l  l a b i  1 i ty t o  sus ta in  the  f a i l u r e  c o n d i t i o n s  
addressed i n  paragraphs 4 ,  5, and 6 of t h i s  AC w i thou t  r e q u i r i n g  except ional  
f l i g h t c r e w  s k i  11 o r  s t r eng th .  I t  should a l s o  be demonstrated t h a t  no 
hazardous change i n  a l t i t u d e  o r  a t t i t u d e  w i l l  develop d u r i n g  t r a n s i t i o n  t o  t he  
unsymmetric condi t i  on cons ide r i ng  1  i k e l y  t r a n s i t i o n  r a t e s .  

DARRELL M. PEDERSON 
A c t i n g  Manager, A i r c r a f t  C e r t i f i c a t i o n  D i v i s i o n  
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